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This paper presente overall heat transfer coefficients & 70-30 
coppersnickel condenser tubes. Tests were run on omell sise tudes with 
steam at LOO°F condensing on the outside surface, Water was circulated 
through the tubes at high velocities ad at a wide renze of tanperatwres, 

Charts showing the varietion of overall heat transfer cefficlets 
with change in water velocity for the three tube aices at different 
water temperatures are preseited., Correction fectors are presented which, 
when applied to the overall heat transfer coefficient as calquated by 
th: general equations, may be used to predict the overall heat transfer 
coefficient within « probable deviation of two percent from the sctual 
axperimentel value. 

vebalis are given of the epparatus ami of experimental procedzre, 





STATSRANT CF THR PROSLCT 


The KReat Transfer seetion, Ship Technical branch, Sureau of Ships, 
in @ memorandum dated 14 April 1947, sugested the following thesis oub- 
ject for student officers of the naval engineering group at tne U. S,. 
Raval Postgraduate School: 


"Study of Heat Transfer rates in condenser tubes at velocities 
between 7 feet per second and 15 feet per second. The study should cover 
70:30 copper=-nickel tubes, 5/8" and/or 1/2" 0. 0., #18 BwG and/or £20 BwG 
wall thickness," 


In this atudy the steam temperature was held constant at LOOOF for 
ail runs. The circulating waiter velocity was extended above the proposed 
maximus to 21 feet per second. inlet water temperature was varied between 
GO° and 45°F, Copper=nickel tubes of tne following sizea were tested: 

5/8 inch G. D., 18 BW 
1/2 inch ©. 0., 18 GHG 
1/2 inch 0. D., 20 BG 





GUNAL «=DSOURLFTIOGON OF THe E.ULPRLNT 


The equipment is most easily described by considering the two sep= 
arate recycling systeas — steam and circulating water. 


Steam generated under vacuum in the evaporator passes through the 


calorimeter arowsxi the condenser tube, The steam condensate which forms 
ana drips from the tube is collected and returned to the evaporator, 

Theat portion of the steam not condensed on the tube goes to a surface con= 
denser from which the condensete is aiso returned to the evaporator. The 
Vacuum pump removes any non-comiensavles from the vapors in the comenser 
and maintains the systex at a pressure considerably below atucspheric 
(avout 26 inehes of mereury vacuum), Accurate control of the vacuum, and 
conseguently, of steam tenperature, is ovtsinea by regulating the rate of 
cooling water flow through tne condenser, 





Cireulating water flows fron the constant head tank through the con= 
denser tube in the calcriseter to the multiple~orifice tank flowneter. A 
coczx adjacent to this flowmeter serves for adjusting the flow rate and 


holding it constant during a mun. 


Circulating water leaving the multiple-orifice tank flowmeter falls 
into a weigh tank, used for cailuration, and then passes through the cire- 
culating water cooler to the supply tank. Hegulating the rate of cooling 
water flow to this cooler controls the temperature of the circulating 


water at the inlet to the coniemser tube in the calorineter. 





The clreulating pump takes suction from the supply tank and returns 
the water to the constant head tank. The overflow from the constant head 
tank may be cooled in the overflow cooler before returning to the supply 
tenk. In order to obtain higher velocities through the condenser tube the 
conetant head tank is by=passed, and circulating water enters the tube 


directly at pump pressure. 





CIRCULATING WATER 
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DiTALLS OF TH B.ULPMANT 


Calorimeter 

The calorimeter is a steel chamber (14"%35"x64") with internal 
baffles eo arranged that the entire volume of steam passing through the 
systea flows across the condenser tube under teat. 

A single comlenser tube about two feet longer than the calorimeter 
is inserted horizontally. The extra length of tube extends into the two 
end fittings where a baffle arrangement causes the water entering and 
Leaving to pass over the exterior surface of the tube ends. This prevente 
any radiation effecte upon the tube ends and limits the heat trmefer 


surface of the tube to the interior length of the calorimeter, 





The flowaeter is a sheet aluminum tank (8"x12"xi,2") and sight 
glass, with a series of 3/8 inch diameter orifices in the vertieal dividing 
wall. The maximen capacity of the flowmeter is 25 gallms per minute. 

Actual calibration data, obtained using the weigh tank and scale 
for timed runs and plotted as gauge reading (H em.) against circulating 
water flow rate (w lb./hr.), produced e family of intersecting curves, 
particularly for the high flow rates; the points of intersection coin= 
cided with the positions of the orifices. 

Lyaporator 

The evaporator is of the submerged coil type operated from the 
laboratory mein steam line, Tho water level remins constant during e 
series of runs (one-half full) since ell condensate is returned to the 
evaporator. 


A reducing and regulating valve assenbly supplies steam for heating 





the coil at eight pounds per square inch reduced from 120-160 pounds 
per square inch, This establishes approximately constant stea: veloci- 
ties across the condenser tuve for all runs, 


(See APPENDIX) 





Two Nash “Hytor" vacuun pumps, size TS-7, Test tios, Hel641 and 
i-1542, in series. 
Circulating Fuap 

Ingersoll-Rand "Netorpwap", Maiel 5, Serial Ho. 0241714, 20 gallens 
per minute at a head of 50 feet. 
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KETHOO OF OPRiATION 


In preparation for data runs on the ecuipment, water was first 
clreulated through the system and adjusted approximately to the require 
inlet temperature by means of the circulating water cooler and the over= 
flov cooler if too warm, and by a steam Line to the supply tank if too 
cool, The vacuum pump was sterted to reduce the pressure in the stcam 
system to about 28 inches of mercury vacuun, 

Next the steam supply to the evaporator was opmed, end cooling 
water passed through the conieser,. The stean temperature in the calori~ 
meter was adjusted by regulating the amount of cooling water through the 
comienser, 4A cock located above the mltiple-orifice tank flowmeter was 
then set for the required rate of flew through the condmser tube. 

After making fine adjustments to the stean and water teaperatures 
and flow rate, the systan was allowed to reach equilibrium and e series 
of readings was taken at intervals of five minutes for a period of not 
less than 15 minutes, The following data was recorded: 

Stean teaperature, t. °F 

Inlet water tesperature, t, °F 
Ouilet water teuperature, to OF 
Flowaeter gauge reading, H om. 
Steam pressure, ing Hg (vecuum) 
Atmospheric pressure, in. ig 

For all runs the steaa texperature was held constant at 100°, 
within plus or minus one degree, The inlet water temperature was maintained 


variously at 60°, 70° and 60°F, within plus or minus me degree, A few 
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series of runs were made at 55° and ASF, but as these were dependent 
upon weather conditions (tenperature of water from wwlerground lines), 
such close tenperature control was not possible. tater from the City of 
Bethlehem supply main was used in both steam end circulating water syaten. 








SAMPL. CAL@LATICIS 


The eqmation, ¢ © Ui Atm, wes used to calculate U, the overall 
heat transfer soefficimt based on the cutaide tube area, The heat 
transfor rate 9, was calezlated from the temperature rive end flow rate 
of circulating water through the condaser tube, 4 wes measured, and A tp 
wes the log wom teaperaturs difference betwei the stean and the watur. 

The deta taken for a single tj pieal run is shown below: 


Run Mumber 56 











Time is ti ts E 
5 99538 79075 5-50 20.6 
10 99-30 77. 65455 20.6 
15 99.00 79280 85.50 20.6 
20 9977 79.85 85.70 20.6 
‘VOrace 99.436 79,8 85. 56 20.6 
Correction wal} 208 wk) 209 40.05 
Correctcd 
Average 99 28 79Jetd 5.62 20.6 


Only the last four readings were averaged as the equipment apparently 
had not resched equilibrius when tne sero reading was taken. 

The three therometers used were calibrated against 2 Bureau of 
standards therometcr, and curves were drawn for use in correcting the 
average reading to true F. 
water Vlow hate (w 

The flowmeter gauge was calibrated by waigiing the amount of water 
which passed through it per unit of time, 4 graph was constructed using 


gauge reading as the abscissa ve, pounds per hour as the ordinate, 
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li = 20.6 cme w = 1620 lb./hr. 
Nea from the tube dimensian the 182) pounds per hour was casily 
eonverted to V = 6,0 feet per secom, 
Total Heat Trensfer Rate (a) 
The total heat trmaferred from the tube to the circulating water 
was calculated from the value of w found above, the difference between 
the heated water and inlet water teuperature, and the specific heat of 
the water, which is 0.997 BTU per pound ~ °F in this example, by mans 
of the equation: 
gsw (tg = t Je 
Q = 1620(85.62=79.71) 0.997 = 10,720 BTU/hr. 
Outside Tube Area (A) 
fiun number 54 was made a1 ag inch, 20 iG tube, 41.56 inches 
effective tube leneth, From tables of condmsger tube dimensias it was 
found that the outelde area is 0,1309 suuare feet per food of tube, hence, 
the total outside area is: 
A = 0.3309 x 61.56/22 = 0.671 oa. ft. 
Hean Taaporature Difference (4 tg) 
The log moan temperature difference was used: 
Atm = (tg-tj J=(t,=t2) a oe 9h 











a " bs 16,48°F 
bey - t 19,57 
in in 





The overali heat transfer coefficient, U, wes calculated as follows: 


US 9 = halt 
A 4 4... 0,6 eh 


Ul97l aru / hr. - oy fte ~ 'F 
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TAte3 CF DATA 
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Table I, 
Tube Sise: 5/6 in, OG. Usy LE BWG 


Foi 
FF 30 
100 585 
9918 
99 20 
100.58 
100.1 


SPRELECLZRSEE coba*Zoburykussee 


73673 
79-92 
7Fedk 


64.63 
85.01 
C5 .eh 


Date from report for The 


Research, 5 Septe 1947: 


100,15" 60,0° 65.60 


65.10 
8i,.80 
Ble 50 
81,420 


5342 
5367 


§ 


17460 
17380 


4uvti cates Tube No. 2) 


19.27 


(# indicates average for all runs) 


80°F 


1075 


Heat ixxehmn ge institute, Lehigh U. inst. of 


785 
620 
E76 
916 


L023 
1033 
1096 





— a 
Table Ii, 
Tube Sige: 
et 9943 
105 99-1 
90 100,2 
8&2 99.5 
107 We 
3 FG ols 
69 100.6 
82, 9h 
85 100.3 
108 160,0 
86 9945 
Pend 100,4, 
109 99.8 
87 99.8 
TahLe iil, 
Tube Sise: 
| 200 100,85 
206 9907 
205 9905 
eo 100.1 
Ob, 100,0 
ae 9925 
203 100.3 
207 99.6 
Table LY. 
Tube Sige: 
92. 100,0 
101 100.9 
100 100.8 
ge 100,21 
102 100.2 
99.9 
79 100.4 
94, 99.6 
LO3 106.1 
95 99 ef 
LOL, 101.2 
96 99-7 
95 100.4 
105 100.2 
97 100.5 


5/ 


4 


69 48 


be 


POLE 


75.26 
76.52 
75 096 

i 


75 oak, 
75.04 


ine G. De, V2 


60,56 
3) ed, 
D936 
DahG 
61.34 
60.85 
CO of 
60.02. 


im, Os Do» 18 § 


70.13 
57 
OF 61 
ye 

65 ely 
ST 279 
65 80 


65. 76 


66,92 
65.79 
of 


H 


23.8 
2h, 0 
adaly 


w 
an 


17180 


17150 26,30 
16500 


226550 


Abn 


i REE 


25070 


35_35 


23000 35.35 


25120 
26550 
26500 
26250 
30Q00 
31000 


35055 


3746 


water Inlet Tenperature: 


740 
Ved 
50 
Fok 
40.0 
11.0 
11.9 
13.0 
15,0 
15.69 
17.2 
1749 
19.0 


oO 


water Inlet Tesperature: 


40 
6,0 
920 
10,0 
411.0 
12,0 
Lie O 
13.9 


720 
Volk 
5.0 
920 


70°F 





6O°r 


15 


° 
water Inlet Taaperature: 53=56 F 





Ibe 5h 
Tbe 70 
7740 
75 hd 
ell 
75 0b0 
15, 81. 
75666 
750 Shs 
75 063 
75.66 


17.6 
2709 
49.1 
aioe 
3 
20.3 


21.6 
2209 
a3ef 
ah. 7 
She 9 
adel 
adel 
25 ol 
25.8 


tun thy ty 
Table V. 
Tube Sige: 1/2 ime Ge Dey 15 UNG 
2c F954 = L.02 
lp 100.17 79.75 
45 100.77 8,12 
ad 107.10 73.97 
X» 106.0 86.33 
31 LOC 33 00 
106,18 79,96 
32 160.0) 3=—79.67 
33 106.20 79.65 
45 L245 80.24 
LO. & LU, 
35 200.75 86,42 
poh 97055 722% 
36 100.52 86.45 
Lé 106,62 04 
ae 99.00 79,83 
37 29033 «= FF EY 
38 99077 = FF 78 
39 L00843 8 796% 
iQ 29». 73099 
diy LOG» T3099 
A 106,19 i ys) 
53 99095 879688 
hyd 1, T9029 
kS 100.0 79450 
Tahle VI, 
fube Size: 1/2 in, ©. | 
2330 100.6) 69.26 
125 10629 69657 
118 «=100,9 4.55 
120 ° ° 
2.26 99-6 %,66 
L24 LOG» L OF 029 
121. 95 05 83 029 
Liz 100 od 70440 
L27 9905 Fede 
122 L061 020 
12 TF of OF e623 
Li3 el FWe23 
Lis L006 o4 = 74.453 
12 100.8 70,17 
19 L067 63 75 
a5 106.0 6964, 
1X LOO .0 70,08 
133 1.00 o2 70,02 
Lis 100 02 1061 
i32 100.6 10 _2hy 
LL7 3.00 22: 70.04, 
ia 100.4% 69.73 


45200 


o7 20 
9300 
990 


10000 
ITEO 


LOCO 


LO4LO 
LO560 
11.370 


LLS7O 3 
123500 


4, 570 
U,G00 


13650 


16.17 
16.84, 
1697 
15 } 


26,07 
#5099 


Water Inlet Temperature: 


700 
Fed 
520 
Col 
70 


1700 
ate a 
énde gO 
aL. O 


water Inlet Teaperature: 


5.8 
720 
50 
Sel 
FeO 
Fed 
a0 oO 
ai.O 
at00 
12.0 
1269 
13 0 
15.0 
150 
15.1 
L7 od 
3.7 04 
1.8.0 
19.0 
2.0 
al 0 
Zl. oO 


U 


go F 


605 
G23 
&75 
£66 
S63 
£70 
660 
907 
392 
953 
L032 
1036 
L025 
1056 
L032 
O27 
1051 


70 F 
762 


16 





Kun ts % be ha W 
Table Vil. 

Tube Size: 1/2 ins 0. D., 16 BUG 

191 100.8 e093 06072041 0S 789 U,00 
LW, 9708 &.5. 71.52 19.1 1560 
L92 100.0 59055 8=06945h 217 2000 
195 9903 6.28 Ssh 22,58 2179 
193 100,0 5.93 = 68678 eB 25m) 
195 99.5 6,57 668 2557 2779 
199 100.0 66.33 i460 24,6 2939 
198* 999 B50 60436 3243 Tih 
W2 100.0 5) ohh 65 606 3306 WP 
L97* 9967 654 She 4109 


Taale VIIi, 


100,6 


Tube Siset: 

134 j#100,3 53 «91 
U0 W.2 56493 
137 100,14 ble 38 
13) 100 a2 She 2 
136 100 24; 566 
4k 4800.2 51035 
135 100 1 S202, 
135 9948 dhe 7A. 
Table IX, 

fube Size: 1/2 in. 
U3 10.5 = 7 5B 
151 100.8 oW. 
46 100.2 7 987 
12 100 of, 49.26 
U9 100.6 49 ef2 
Lh LQ0 4; L8,52 
17 100,2 b6—97 
156 100,65 hb ohi3 
Lo 100.4 b7 33 
Li5 100.6 b7/ 923 
LAS 99 07 LS oly 
152 100.3 4b 52 
156 100,.& 13 3h 
153 F705 dhe 33 
L57 100 60 13.6%. 
L154 9709 43 L8 
155 100.8 b2 9 SO 


65,28 
69-16 
65.51 
65449 
65097 
67 604, 
62.58 
he) 


Dey 28 | 


1/2 in, Ge Des 18 eG 


1746 
17.8 
19.2 
2063 
Zeb 
22,8 
2349 
Zhe 


1300 
1520 
1780 
1960 


25719 


q 


217170 
17510 
19960 


19950 3h 
229 
Reb Bhs 
23690 


35790 
2/330 


17010 
L687O 


19120 
20900 
20500 


2L000 
2hB® 
25200 


1890 
16150 
20330 
LEL90 
18550 
19390 
25750 
20130 
wo) 
2IKO 
25750 
29000 
3L700 
29300 
32900 
2220 
31,0 
35000 


aty 


Bhe3 
35 ah 


37005 


boe8 
bbe 75 
beets? 
ery 


V 


tater Inlet Tenperature: 


Ved 
&.0 
ol 


59 9h, 3 37990 366 
(# indicates questionshie data; caleulated fron only one reading) 


Water inlet Temerature: 


70 
720 
60 
9G 
10,0 
11,0 
12,2 
13,0 


U 


60°F 


745 
782 


8h 
872 
962 
9 
99D 
L031 
1097 


17 


62=58°F 


617 
528 
667 


water inlet Tsuperature: 42m50 F 





Rum | t H W A V U 
om: ws - 5s & : 
Tadlo X. 2 
Tube Sise: 1/2 ine 0 D.;, 20 GWG water Inlet Texperature: 60 F 
55 99453 79:77 85037 19,0 1570 10330 14,21 6.9 9) 
70 99,5 TGel2 «Beh §=919.2 1600 10800 15.47 Tod 976 
56 99,28 73672 65.52 206 1620 10720 14,48 6,0 971 
57 100.38 j%T99L OG5s7kh 22a 2050 11.970 17,436 Jed 2023 
75 100.4 BOs13 65.59 2302 2210 12860 17,24 Ie 1111 
52 109.52 86.28 85.82 2343 a2 12470 1%¥se27 LO 1077 
59 200602 86079665) = 85413 hed 2530 133L0 17-46 liz 1138 
oe 100633 G05 BbeG = 25k 2780 13590 17565 12.3 17 
él 100.50 Well Gi92 2646 Z51,0 LO99 17eEl 13,0 1179 
62 99.977 SO.21 &4.54 28,0 3170 L599C 17,00 14.0 1183 
TL 9949 80,30 GhsF 28.0 3176 14530 L7e23 14.0 1.257 
63 WeS5 80.15 BhetO 2765 5400 14590 176080 15.60 1.226 
Sh 99.65 80,0€ 8.36 31.0 2500 A530 17052 1509 $315 
72 99,8 G03 9 Sling 3 = Bee 3620 15520 17093 16,0 1296 
&& 2100 2 73.93 «684,02 33 LUGO 16720 18.15 16,1 1372 
vo 99.6 80. Shell 3he3 L100 16U,0 17hC 16.1 1302 
&7 1o0.0 73085 8683.70 = Sal, 4300 26500 eit 19,0 13 58 
£8 100,21 77385 83557 3b, L5b0 16800 18.28 20,0 1376 
&9 93 23 Tet 03425 Bei 4.730 26130 17.71 2.9 1355 
i4 9969 80.15 83,68 38,1 1,730 36540 17.99 206.9 137 
Table XI. ° 
Tube Size: 1/2 ing O. Da, 20 BaG Water Inlet Temperature: 70 F 
162 101.0 59.90 T9ehk7 1% 1.580 25400 25,93 420 &67 
Lok, 99,5 70012 7849 20.5 1640 15130 25,0 6.0 903 
172 9347 70,04 77482 22.0 2040 15220 2506 9.0 922 
262 4.00 28 G9e7h 8 T7ebh 2303 22) L7&00 mas 10,0 985 
365 200 ,3 G9.79 F7ehd Ahead 470 IZE9C 26.6 109 1659 
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The expeximentel values of overall heat transfer coefficient 
ave plotted against ecoling water velocity on the preceding pages and 
compared with the theoretical coefficients calculated in the fellowing 
MmeMer. 

the overall heat transfer coefficient, U, in the general equation 
os heat tranefer, ¢ = UAAt,, may be separated into the stean condensste 
film coefficient, the tude wall resistance and the water film coefi- 
clent, by an expression for the sum of resistance: 


f > ht ee tty e¢4enunt © @ Ge 


The resistance of the tube wiil, L0/k), aa defined by Fourter's 
Law and ecuatien 1, is calculated from the wall thickness, averege and 
outside dianeters, amd thermal eonductivity of the tube, 

The resistance of the water film, 0p/h,0;, is calculated from tube 
dimensions and the Dittus-Leelter equation: 


ty = 010225 ( ) O8 ( 4 Oe, . . (2) 


were the propertics Ks 0 6 A ani ¢ are evaluated at the mean of inlet 
and outlet water teiperatures, 

Combining the tube wall anc water film resistences, and knowing 
the heat transfer rate ami outside tuve area from the experimental data, 
the texperature drop acroes the tube wall axi waterfilm is computed. 
Subtracting this value froma the experimental log mean teaperature differ= 
ence gives the te=aperature drop across the steasn condensate film, 

The steam condensate filma coeffi cient is calculated by means of 
the Kusselt emation for condensing pure vapors on a single horizontal 
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hg = 0.725 (Bat A ) we eauwets 
in which the propertics k, Ye » & and A are evaluated at the average 
tempereture of the condensate film, 

Several theoretical coefficients calculated in this mamer from the 
experimental data (Ta»le ALII) are esplayed to establish the curve of 
theoretical heat trawfer coefficient va, cooling water velocity shown on 
the grayh for each experimental atwatiia. 

It is to be noted that tae data for 1/2 in. ©. 0., 18 BS tuve at 
inlet water tonperaturcs range 42—50°% (Table Ik, Fige 12) differs mrkodly 
from the tremi of the other data, ‘The seattering of points indicates 
some doubt as to the reliability of thie partiolarly set of data, axi 
certainiy demonstrates poor repretuciiility, in this series of runs con-= 
siderahle experimental difficulty way encountered in maintaining tae low 
inlet water terperature dealred, Circulating water was tam direct fron 





the underground city mains during the coldest period of the wi:ter months, 
and was not recirculated. Tiis procedure ied to greater water temperature 
variation during a run than when the coolers could be wed, 

Perusai of the plotted curves showe the experimental values of U to 
follow in form the theoretical values, but to exceed the later by deviations 
varying from 5 to 23 percent, 

The percent deviations of U wperimuital avove U theoretical 
(Table XIV) are plotted in Fig. 16, mda arve ie dram showing the mean 
deviation as a function of ecireulating wetw velocity. Using this as a 
correction curve for the values of U theoretical in Table XIV, avi comparing 
the velucs of U experimental with corrected U theoretical gives the resulte 
shown. The madmwa deviation is 5.0 perceit; the average deviation is 2.5 


percent; the probable deviation is 1,95 peremt, 
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TabLe XI1i. Calculated Theoretical Cverall lieat Transfer Coefficients, 
Tube Sise: 5/6 in. 0. U., 18 WG 


1 99.30°r 60.18 65.01°F 7.0 fps 1535 2926 72 
4 100.28 80.64 64.79 10.1 2010 2656 36 
3 99.9. 80.25 83.39 15.0 2835 2616 940 
al, 100.29 79-92 682.51 19.9 3330 2520 985 
106 9901 GP.16 76026 Fok 1460 2s = 6 
4 PF oly 70,18 75039 13.0 2326 2550 859 
LOD 99.8 67.03 1306 19,0 ZUL0 2270 927 
206 9947 59.64 68,57 6.0 L495 2565 692 
208, W. 61.34 S8ehh 11,0 1925 2366 78 
203 100.3 bQehS 66680 lied 2360 2260 829 
91 100.0 57.22 66.92 7.0 1345 2506 «= 648 
93 999 55659 63.21 11.0 1895 2306 756 
105 100,2 53060 = 59025 19S 2950 2035 95 
Tube Size: 1/2 ine Oe. Dey 23 UWG. 
23 99.57 &,02 86,38 720 1620 3276 Vib 
51 99 255 79298 81,233 1400 2780 2880 Gha 
5, 100.16 79680 83.33 22,0 BH 2740 2035 
125 100.9 69467 7956 7.0 1538 2950 706 
129 100,é 10017 Tbeh6 25,0 2800 2520 904 
132 100.8 70.24 75063 = 5 20,0 3520 ALO 976 
194, 99.8 60.54 7162 6.0 1680 2565 716 
196 9905 6057 . 14.0 2420 BOO 865 
142 100.0 5915 66.086 20.0 3310 2530 964 
140 100.2 een 69-16 7.0 M428 2540 6521 
136 100.4% 66.97 10.0 1660 2330 836-737 
1 105.2 7.35 57604 12.0 2035 2320 765 
L5i 100,8 5.03 61.73 7eO 1360 2050 609 
160 100.4, 49.426 083 G0 1502 2080 634 
Ue 99.7 loeb 5012 LO 2270 2055 770 
1S, 99.9 A30L8 52.98 18.9 2780 2020 628 
Tube Siges 1/2 ing G, Dey 20 Sw, 
55 99.53 79677 66.37 be 1580 3525 B23 
72 99.8 80,03 Shedk 16.0 3065 28220 1089 
Th 99.69 E0015 83668 20.9 3905 2690 1259 
16t, 99.5 TOL 78eh9 S_0 1687 273 7 
166 9967 69.8, 76029 Lied 2535 2530 978 
162 100.2 69672 75000 207 3580 2415 1062 
179 102,0 59.9%  Thel5 &.0 1597 2540 765 
17& 100.1 60.56 69.22 13,0 2345 2390 «=«9 
183 10,2. 62.13 68.4% 19.1 3175 2339 1020 
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In such @ stwly ae this wherein investigation of heat transfer 
characteristics le iinited tc a few mnaller sisee of condenser tubes of 
& particular metal and ueing only stewa md weter as the fluid meila, 
it would be unwiee to propose a new, empirical equation applicable only 
to this specific situction, Also aeince the Nusselt md Dit ius-Seelter 
ecuaticns are well known ami established in the literature for general 
use, it, would be equally pointless tc suggest a new set of coefficients 
to bring the results of those equations into closer egreenent with this 
sot of experimental data. 

instead it is thought preferable to use the accepted genoral 
equations and then multiply &, e eccrrection factor corresponding te the 
cireulating water volocity te determine an overall neat transfer coeffie 
client for prectical desim problems, Within the range of this investi- 
gation correction factors as determined from Figure 16 way be used to 
predict the overall heav transfer coefficient for a single, cleen, hori~ 
gontal tuoe, with a probable devisilon of only two percent, 
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NOMLNCLATURZ 


s Cutside tuve area, 3a, ft. 

¢ Specific heat, BTU/lb.- I. 

D Uiameter, ft. 

c Aceoleration of gravity, 4.16 x 10° fte/are” 

h Fila coefficient, BTU/hreeoqe ft F. 

i Flowseter gauge reading, ci. 

k Thermal conductivity, UTU=-ft./hr.-eq. {te Fs 

L Length, ft. 

q ieat transfer rate, BTU/hr. 

t Temperature, °F, 

U Overall heat transfer coefficient, STU/hr.-sq.ft.-F. 

v Cirealating water velocity, ft./sec. 

w Circulating water flow rate, lb./hr. 

At, Log mean tesperature difference, °F, 

a Latent heat of evaporation, BTU/lb, 
A Absolute viscesity, lb./ft.-sec, or lod./ft.-hr. 
Va Density, lb./eu. ft» 

subseripte 

a AVCTALS » 

i Insid 8, 

Q Outside. 

5 Steam, or condensate film. 

‘we water film, 

inlLete 
2 Cutlet. 





In a previous investigation using this same calorimeter and 
evaporator (ii. 4. KeGregor, Lehigh U. Inst. of Research; unpublished 
report and data for The Heat Exchange Institute, G May 1946) it was 
shown that at the low velocities involved, variations in the stean 
velocity have a negligible effect on the overall heat transfer 
coefficient. That ls to say, the condensate Hlm coefficient does not 
vary with steam velocity. 

Stean velocity was varied wy changing coil steam pressure in the 
evaporator from two to twelve pounds per square inch in a series of 
runs while holding ell other variables constant. A brief summary of the 
data le given below: 

Steen Pressure i, ae v U 
12 psi 135.7°F 68.8°F 2.6 fps Ol STU/br.-8q.ft.- 
3 135.7 68.7 206 525 
2 133-7 69.0 ee | 227 
3 136.9 10.5 2e0 52k, 
4, Lbre9 70.3 206 513 
2 I39 07 1003 Ze6 eh, 
9 137 62 6963 2.6 oad, 
2 137 2 70.0 2.6 bad 





hs al 


Oy BT 


Pe ie eS ae 
Pea ee SM) 11 ee ee eo SMa ee are 
evn ee ee ie me ee, Pres rea 


ao Beal Cream 


ee | ad lade oh 3 od 9 
Seva dle Soe ee ee ee ee, 


WOMLVNO IF AALTION-SHLLN] = 40F lel fooler 10 T) 


Tg | agnf 4asuspucy PAP PHOS 


eye 


é 


ae 


De a | 


- 
aa 


Ever Te es 


( pucone sad yaoy ‘Ayginasaq sayem 


a 


— 6 
~ Sd 


. 


ba 
~ 


Or 4 


td 
ets 


oogi 


rere 


rl 


i 


i ZPODIIDIPS IFOD lufig ADYZCAN 
My : 
eet. 


oe LOL TE) 
oe 


: 


ol re 


‘sayrag JO ainghveciey YOR 


ae 7 


2 


ST 


ha 


ye 
“ 


a 
~ 
~ 
~ 


3 


F 


id 


N\ 
0) 


dal 


| 


across Cond. Fi/m 


G 


Vd 


G@ if } Temperature Dro 


a 
se) 


4000 


re t-lo/e] 


ae 


2 


oo 
& 


N|~ 


# (D) Condenser Jube OD: , fn. 


NVoMoGRAM FoR NussELT E@UATION 


Res le 7, Condensing one S. WI Horizontal Tube 


Based on tT) tion 


k307¢A_)\FZ 
h- 0.725 eae 


Ta Mk vO Ya) implitying gives 
ld A TER ET hd Comerre| 
KA =) a oe eee. 


3 (aa Ave. Temperature Cond. Film, °F 


Fal @) 
ae 





Koy 


/0O 
( i) Steam Condensate Film Coefficient SOL eer Fh - °F 


Al efe) 


: Sree. 
: eee: 


3000 
2400 
 gZIOo 

2200 


ee — 





45 


22 aaa sane wae eat custo tae aac ena fre ane nue et jaue eee eee pee tat ieaee Lede eeu eu pele Sec fete ane Reese eaane 
2 Gol esueeen 26g a 
Hi a a i oe 
DGG ae cea eee serge tee BEGGS S S006 6 sola. 
ie ail eoeeeeee Hae ernie coheer. oe Eo ea lo oe ee rae ea a GE 
Gao at Oa ene Sf ee Bis eee ue evs ee aie ecciere Seaeiars 
lt 
SRiRn Ona HEP daue ect aus ae ee eae ceaceeaseed eta oe ane ae? can ae aa) es aes feE eA HER ace pee ae eee saat tay eRe ete -tee eae mater fe tee 


ie es fae Gr an re aeh Gc ct ea etre DES ea Agee eee 


‘ae S sstzsi sane sealt cacccase eus Beet?) ge ans Saxsbueeek sees weee! B88 008800 Puceutsans 


Ci aes eae ena Bee ese ae es ee 


ee 


Beau iusas B@e 8 \aecasesn 


ee 
ie Ba MENTE FL PESEEE WESSEHa | RREHEETEH SHEE LSS HSER HEE SsHSSEEsESHs ited ososson gens poseeleastaeraafastose Sid bees tesavtossest ge ieecteaees au: cies: ensoa erect nats (fez; cgeeatoete aetie 


ecaee 


biSeat SS i tue Hn Hite eaeTag tie NH ieesizee ss ite (lia Sei coerce UTHEE i aie ae beta ee atte ete 
i ae Ie eer ee ea be em ous See ein teeth fh eu ue ao Ae 
te : Su, Seas VEE. Sees nea: Fees: poessazd Veoasoab Sotsassases cates essetea dosetameeseass Soa. flasessepesdusestases asensosassesersasen) cpeptasra-assot esessneverdi trea: cart: apbastaseressarsosny foaraicass 
ceeeee AeA oe agn8 tench ao a eee ae ee a eee a ae ee 
ierssastas Tinie ae oe a seaptesi|¥s eee sez esesrasss Ne seossgecovassey free ae Si are THEEEGUUSESC Hess /SResEteccpesss cates anbeseets fad Bbest 


Ses ee ees eles Ge Lee gy Gee vege a ee oR Gk Sse Ree 
Suma ESE oe eee on ae Hite ae ea ae eee tee 
EGE be eee get SG REE ee tree Hee EE ee eae EERE Re Te Safes ane (ee -Seaeeee are estat ets eeeaes faze eer eae 

if ive eee eee aptc teen Sl rt—i<“‘C‘<Cé*éz*SCS 


eas yA, eo feel iii! eoae eae ae eae UU ees aa ee SE ESE ad eee teat acetate ee 
a#e2#ibzes Fag coeaa fete cceaa estezuay eet esas) Set ooms seeeeeeassaats aencaazaanateeqaaszieee saazsaeee coast tate seasdineeeansegseeedcoaey Peete ts vaaqaeed saad ie See SEH ieaiitee 


/ gen a i RTL me NES EVE Sees ee eee STE ae ee ue mG ee i 
Ee ee LLL 
Se Se Me eer a eee ter 


4-4-4 
Be aeeaeel 
oot. 


ager 
= ood 
6 selene: 


Sugai ieee 


ao Ss beter eecosats 


Noese cea tecceeus see seul tae ouciescesssen: Sesssseubeceesns ti pelscebeccec: pee sebasseseussaeg itt Scag beccepeocegeass sessccsess cansecseescauebpance 


abs 


eae aimee 


\ 


3 
=| 
er 
iSSCidagacieeazsgeas;evasscas asii oaszfesnttna fa AE ES EEA Seas geetuaeeaes gee ate Hae mega eee eta ee ez eae eae Geete geet eat aEeta ease ae Ee OE ad oe EE ce eee ae 


cease ste tf ee au ate seid t He eee ‘a EE a as (e0gne Suadsraisasieoesiites: 


- aasea se \asebessaa) ta eueoa agu8 seek @S82885 205C0R begs ice! Segeus SBeEeEao 
Hf escas oLaen Sac sisdecos eseeces 


Se TAA ea a a ees 


a, i 
ie rea are aaa Hie AC ea NUE Er tier an UI | i ey eee 
Hine | |. HE | oe SL eu eee a 8. 











a 





Rie 
We 





t , 
= 4 
og vo 
F ee 
= 
7 < 


e 
ek 
Binal 

fea att Tie 
Tae 
aie 
WWI Ente 
“i 
: 

: 

all 


in Ge 
th 
tn 


' n : 
me 


a 
afta 

EN 
Sele Ge 





ENeiiiad .F i " ; 
a i. 
I 3 1 
- = t 
, st eee 
F beteeea at 
gaey i iS ; 
ss 
a 
™ + 
i 


4 
A . 
frit 
wee 
p sai leaf 
aq 
7 = S 
oes 


en eae 


a 


tt! 
| 
7 4 
se wih et © 


a 
2 
y 
a 

eo ss. 





zelda beet 


BS 

4 
BReu eo 
Sem ee Be! 


i 


\ 
Fa 
it 
He 

sseos 






sit | 
eaten aa 


Vy 


\Reeessee | tstazeh 
relia 
aE AY: 
Frralfen 
ein 


ara 
i 


Ee 


Har Naa a 
EE 


ean 
ee 
aul iitiseine! 
Ne 
A a 
ale 
ee 


Aira E geipitad a 
eft 
if 
rns 


, 
a 
ae 







Bh 


Renate 


oe 


SEEN ti 


oe 


is 
oe 
a 
a 
a 
Fs 


i uta 


He sare 
ay ee 
atte Bee eeeay 
aetna: 


. 
ii 
aut 
Ee 
\ 
AE 


nag 
frie 


eae 
Sea Gaia Hat 


nae aera 
ee i 


eo 
ot aie 


segesee 


a 
(Hii: 
ani 


an 

Hs 

: 
tie 


ein eee 
Siiee sen acta 
acs 


ft 
aiitne 


eeaee 
ee 
s 


cenit 
saute 

- 
sieeuaata 


a ante ea aN 
Sade 


ee Meee 
er AN 
He RE ae ean 


es 
ciel 
i 
city 
cet 
of! He 
lt 


He 
ant 
fail 





: 
a 
a 
EH 
a 
HA 


HEEL Hae 
i 
e 
Bai 
al 
a 
ogee 

es 5 HH 
TH 2 
rt 

Ha iaulti 
HE 
‘ 
jinl 
[EH 

ay cada 


acse 


a 
ae Ga”> 


at sit 
ca se 
: 


SEEESEUEE Creat ateet dees 


a 7 
aah F 
ate 
se 
nt 
esiatatii 
oaee 
i 
eset 





San een at ede ge atta an ee ae eeatntaaiiieiie qe ca = ee 

st Taayaee sted esestosee? cat sous steed anseetseat satis ssieu feetstedesseess seed se fsdusee petaeel eet HE 

Bese Se eee ee Pee 
see bs: ised ce Sdaafeeetioee ets Ss ES HEE aBasineee eee eerie ee SsSUATEsr Meru sucatevitesten teeetteces onatste?= tae eager sens 
oo ae uc /cfesseestss ig tl rere eee artes efod cass sess causccseanasongs togeegeper cea: ass: feo tat, EBts fens 
oe ae ae 
; surusseastnasss a 


aa 
fins 
a 


FHEHS EAS rt 


Bees seueseecas 
gs seams 


“8 
He 
4 
q 


a S ssese 

saan aoeee eesesee ; qa a a aoa 
Sa EE eee ater ace ee eee eet ne a ret eee eg TP EE i 
se ey Gaar Erde ae ee eee ae ata ae tare ae ae aan eee eee eaten ae ae Ea 
oe ee ee ee ease 
eae fal acer octane aut yd eae ier aE es Ge er Sn FEE otc exe teas eevee eee ei aura fae? OP 
Bess casadonsse sense aegevaseecessezcenssfeesees Syssons ooze bed paneysutas state fasataseas frase soses peagt tases neat ieess 
aaa a Han site anaes ie ania ate Sr EER eee eee tet Set eit fac toceeeeeee eee iste 
FS ae eee oe is a saee ite sist sieigie aerate ee eerie een ae eee ee 
ee es fas a ge aed eg erred a te a tes ge ae a 
oe SE al ee eee ec te ee ett tr 
eee eegnmate Sees ey a pa 
seacb sis. seb Ss bass tse, : shecseeeeee 


Hit 
SRST io topes |i ae | ace einee aNe SiSPS ere. 


Grass aa 
sedacabess seccehtzscasesss7 cee seed a i asus pressossudtessatuss foshesrsay nieiassesestesessstipests SSDET ESCES Seaes feseceehey Ges SOGE EEC? foses Fauar taacsee 
oe i a ine ate zt ae Ea te HRI A canii: Serlaeucertied eee a tee ements 
ase cica faustasies ee ; se ea nt a Hiei: i; rai sittiti el eI Rect Eee EH Eee eee ee Ee obs; iaees tesesseese 
pmb pepe ft es setae Settescestess CESSES ESEIEESSES SEES Eaees chosreseee tesceseres sever esses gensvoesed tesescuaes eeasssagae sess rere eesss¢oer’ 
fete ae este ced Faded caus eeaseecne gases eed fosusseenctcessuazd aust feeassteeeds ttcovaas srrasiiens cata ets tieel ypsfiteer ePhtcTspinitiss.0ie, Tinie 
asi St crgeecens sueraais: Geet oosstiaiee cid suite, sees? o4 eset eces tee ibfeapretite sius cease tas tescotcessiae Ee pessdsct ite siti: z Eben gene: teesceeeet stess tens seces cusses pacseceees 

see stSEs as HH coat ei ceee Sseces SesscusungSesneSugosseschssescessssas au usa peace buaceseees sues pocss anaceeneus ccasssascs 
sap ae arate ae Bante ae (CU eG es Poe ee teed ee a 
i i EE Ee nee ab eee eae ee atta eee eee EEE eee iol cece ae ttt tee eee EE 
att stir Siieet Yates AOL: Hi err ar ae SUstita Ba ene heeed cise tail trees ettes det gat: 
sit i o A Te sees ct: Siete ite Ere Er iuee eaten aesuaeiestertane tas itoet teaat tnaad fuses isess 
HH HH : sscdees oSerSSSSSeseeseuscegabes: 5 ae pesspesuec tessesse-; -yesspeces seces secs asa’ )o'assceeeteses Susccansseltacs secs: 
sone and fos Seetses ce a ib oA ac Set HB tcie SER Hs ce fee fosee eet eee ee 
an 3) it ae Sn a et ere teeta eee at ee ate ae eee teen ane ae ea ana JE 
saqagouvan oe , sess sit: sii cag Sgucceenes esse ceee duseng cease tcastscuccscesscasecesnas cases sanecccsacSsenessassescus tases ns 
ist ESCT EERE va sittaeaitzs ssesess eee ee ee ee ; 





Ea SS i Oe a a ee Ge SS 
$ Re ial ye a ee a i las ee ej 
Heal aoe 1 iT EGG EE ie fac 1 sl a eee ee ee ee ean eg ae a ae ue eee ene et 
it ee 
aaa Paty re ee tree fe dada ae [nee ete ee eA ae 
ele 1 i al a a rE a he Be 
be Ehonee ee fell ee 






sH 2 
ik ll i a a ce Rees ny CGE a fs eet te Bc lia ie a Se SEE HEE ET Eee taal SE atta 
t+ oe zea LAIN ih tH EES RE aS gan ea ware SEE EE ne te ee 
se SPS ES Std el dee SE EEE ect al eee NINE ed AEAUSENERT SIH a al zy EEE Sel duce stare tt tt 
| Gta au ee eect age eae eps ee WAP NCEE GSE NEN vee a a ee ae ee eae ee 
ae ee ee ae Gaia ale NEUE et EEA Ua eth aera etree te 
eae ease el dticten ERAN AGRE Manet ahinn a Ee ie ae 
Soe eee RUN ew eee 
eee eee ee Ae 
| ee eee a ea GAN LE ell etd Wael ene eed ede ete ee EEE net Et 
cr a eee ee iiide 
ot aes th aot  caG eee ea 
Eset igen belie Shee 0G een reese 
ae fees ee ee 
feiddiad Het CO Si eee aerate ees Eee ue oe et ee 
fen VGH Pe aed estate es eee Hee ae ge ese 
ee eee ae ETE HEE RES EERE lg fae dee aE EEE ater iene 
Hae HEE ca ea aN ELL a LEH 1 i Fire ecole ee Eo Fee 
: ee 
ee eee Var at Feel eee tise i iar 
t= 7 es Srna a | alsa a Vt a feariee triage ete Hite cet Se er 
ee 
Beeld eet ac peat ieee gee eat ae ee eetae Pe ee cei pea Secseta ane teas eseteee eee Gene ees upe® 
Seen eee Saas Ce 
ee eee SSeS eee 
USE a eG Snes ane 
ae aa oe eee 
To Ltrs 
et ied avd eee dal ed fae eel ESSE tae ieeee ee lee etl eat areata Fe es ee 
HeGee i a a MIM a ele Hise isltced Pell ad eat faed tae ace Pee EE cere eRe Peete EE 








— 
2s 














a> 





ie 
HTT 





| ECCI 

















HULL 




















Thesis 

465 Arey 
AUTHOR Vera TD 
coefficients of 
cohneenser tubes 


pn 
DATE ll — 


LOANEN ROYoBA....—. 


11027 


Tansier 
copper—nickel 





thesA65 
Overall heat transfer coefficients of co 


ti 


\ 


3 2768 002 01226 2 
DUDLEY KNOX LIBRARY 


' 
P ‘ 
i " 
i 
" 
‘ 
7 . . 
; | 
' " 
' f ) 
v i i 
" 
‘* 
, J ' ! LI 
« r . 
A 
' 
ra | 
" 
‘ 
" 
. " 
; 
Bas | 
eh ey | 
? 
‘ 4S 
77 
ae 
© ' 
ae | 
sid 
. ri) 
i 
I , 
a 
. 
' r 
Lil 
YY ae 
wea 
free a 
3 ‘A 
+e 
| 
8g ie vy 








